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AN I N V E S T I G A F O N  OF A 0.16-SCAI;E MODEL OF TEE DOUGLAS X-3 

AIRPLANE TO DIEERMINE MEANS OF IEIpROVTN6 THE LOW-SPEED 

LONGITUDINAL  STABILITY AND CONTROL CEKRACTEXCSTICS 

By John W. McKee and John M. Riebe 
I 

SUMMARY 

An investigation of a  0.16-scale modei of the Douglas X-3. airplane 
was  made i n  the Langley 300 M F T  7- by 10-foot  tunnel t o  determine means 
of improving  the  low-speed long i tud ina l   s t ab i l i t y  and control  character-  
i s t i c s .  Various high-l i f t   devices ,  in the form of  p la in  and s l o t t e d  

were a l so   t es ted  on the model. 
r( leading-edge  flaps and p l a i n ,   s p l i t ,  and s lo t ted   t ra i l ing-edge   f laps  

D The model in the   or iginal   condi t ion,   f laps  up,  had  unstable  pitching- 
moment charac te r i s t ics  near t he   s t a l l :  (0.6 lift coeff ic ient)  which  were 
caused by  an unstable  break in the pitching-moment charac te r i s t ics  of the 
wing a t   t h e   s t a l l  and by the   f ac t   t ha t   t he   r e l a t ive ly  large fuselage con- 
tinued t o  increase  the dawnwash angle a t   t he   t a i l   l oca t ion   a s   t he   ang le  
of.   at tack was increased above that at  which  wing stall occurred. The 
severi ty  of the unstable  break  in the pitching-moment  curve was reduced, 
or  the  break  eliminated,  as  the span of t h e   h o r i z o n t a l   t a i l  w a s  increased. 
The l a r g e s t   s t a t i c  margin  and one o f  the  smoothest pitching-moment- 
coeff ic ient   var ia t ions  with lift co'efficient  occurred for the  highest- 
aspect-rat io  tail (4.76) t e s t ed  on the  model fn  the  posit ion of the  Drig- - 
i n a l   t a i l .   R a i s i n g ' t h e  wing f o r  one of the   t a i l   conf igura t ions   (aspec t  
r a t i o  4) so t h a t   t h e   t a i l  was 4 percent wfng mean aerodynamic  chord  above 
the  wing-chord l i n e  extended, compared with 53 percent mean aerodynamic 
chord f o r  the low wing posi t ion,   resul ted  in  a decided improvement ia 
longi tudina l   s tab i l i ty   a t   the  stall. A-model configuration which  had a 
high wing and a low.:tailwith a moment arm about  half  the moment arm of 
the  or iginal  tai l  generally  had good s t a b i l i t y   c h a r a c t e r i s t i c s  through 
the lift range. The large  differences in l ong i tud ina l   s t ab i l i t y  at the  
s t a l l   f o r   t h e  X-3 model with  various tail configurations  resulted  primarily 
from large spanwise var ia t ions in ef fec t ive  downwash angle. 
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The highest  trimmed maximum l i f t  coeff ic ient  was obtained  with a 
s l o t t e d  leading-edge f lap  def lected 45O combined with ei:her a s lo t t ed  
o r  a sp l i t   t ra i l ing-edge   f lap   def lec ted  5O0-. 

INTRODUCTION 
* I 

An investigation  of a 0.16-scale model of  the Douglas X-3 research 
a i rp lane   to  dekermine means  of improving the low-speed longitudinal sta- - 
b i l i t y  and  control   character is t ics   has  been made i n   t h e  Langley 300 MPH 
7- by  10-foot  tunnel. 

Previous  investigations of preliminary models of the X-3 research 
airplane,  such as t h a t  of reference 1, have indicated  longitudinal 
i n s t a b i l i t y  for the   a i rp lane  a t  the stall  a t  both low speed (ref.  1) 
and  high  subsonic  speeds  (unpublished). The primary  objective of the 
present  investi@tion, which was made on a later and more complete model 
version of  ' the  airplane  having a canopy and a ducting system, was t o  
determine  the  factors  in  the  airplane  design  that  were resu l t ing  i n  
unstable pitching-moment charac te r i s t ics  of the model a t  the  stall  and 
t,o  provide  corrective measures that   general ly  would necessi ta te   the 
leas t   poss ib le  change in design.  Various  high-lif t   devices  in  the form 
o f  plain  and  s lot ted  leadfng-edge.f laps   and  plain,   spl i t ,  and s lo t t ed  
t ra i l ing-edge  f laps  were a l so  tested on the  model. 

The system  of axes used,  together  with  an  indication of the   pos i t ive  
forces,  moments, and angles, i s  presented  in  f igure 1. Pitching-moment 
coef f ic ien ts  are given  about  the  center-of-gravity  location shown in fig- 
ure 2 (0 percent  of  the mean.aerodynam'ic chord). The symbols used i n  
t h i s  paper are defined as follows: 

cm pitching-moment coefficient,  M / q S E  

CD drag  coefficient,  Drag/qS 

X longitudinal  force  along X - a x i s ,  l b  

Z force  along  Z-axis (lift equals -Z), l b  

4r 
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M pitching moment about  Y-axis, f t - l b  

9 free-stream dynamic pressure, pV2/2, lb/sq ft 

S wing  area,. sq f t  

C wing mean aerodynamic  chord, f t  

C l oca l  Chord 

- 

b wing span, f t  

v free-stream  velocity,   f t /sec 

3 

A aspec t   ra t io  

x t a p e r   r a t i o  

A sweep angle,  deg 

P mass aensfty of air, slugs/cu ft 

a ' angle of a t tack  of fuselage  reference  l ine,  deg 
8 

it deflect ion angle of all-movable t a i l  with  respect  to  fuselage 
reference  line, de@; (hinge line located a t  25 percent E 
of or ig ina l  tai l)  

6 f lap   def lec t ion  measured in a plane  perpendicular  to hFnge 
l ine ,  k g  ( f ig .  4) 

E downwash angle, deg 

Subscripts: 

I;E leading edge 

TE t r a i l i n g  edge 

t tail 

0 . 2 5 ~  25-percent-chord  line 
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MODEL AND APPARATUS 

The physical  characterist ics of the  0.16-scale model of  the Douglas 
X-3 research  airplane  are  presented  in  f igure 2 and a photograph of the 
model  mounted in   t he  Langley 300 MPH 7- by  10-foot  tunnel i s  shown as 
figure 3.  The  model was constructed by the Douglas Aircraf t  Company 
and is  one of a series of models used  by  the  Langley  Pilotless  Aircraft 
Research  Division f o r  a  high-speed  investigation. A second  wing was 
constructed o f  wood with  the same a i r f o i l  section and plan form as   the 
or ig ina l  wing f o r  the  investigation of the  various  leading-  and  trailing- 

revised  all-movable  horizontal-tail  arrangements, which  were constructed 
by  adding  --inch  sheet  brass  to  the  original t a i l ,  are  given i n  f ig -  

ure 5 and the  geometric  characteristics of the  wing-tip t a i l  arrangement 
are shown i n   f i g u r e  6. Several   auxiliary  horizontal   surfaces which were 
added separately  to   the model and various  fuselage-nose  arrangements 
tested are shown in   f igures  7 and 8, respectively. A rather  crude  high- 
wing-low-tail model configuration  that was devised  during  the test pro- 
gram i s  shown in   f igure 9, and  dimensions of the rounded  wing-leading- 
edge arrangement are given i n  figure 10. 

' edge high-lif t   devices shown i n  figure 4. Dimensions  of the  various 

1 
32 

The twin air ducts were n o h a l l y  .open with no air-flaw res t r ic t ion .  
For some tests the  ducts were plugged a t  the  duct  inlets.  Plug fa i r ings 
used a t  the  duct   inlets  of the model were o f  two shapes, f l a t  and hemi- 
spherical   with  surfaces  tangent  to  the inlet l i p s .  

CORRECTIONS 

Jet-boundary  corrections have been  applied to   the  angles  of attack, 
the  drag  coefficients, and the ta i l -on  pitching-moment coefficients.  
The corrections, computed by  use  of  reference 2, were as follows: 

Aa = 0.410C~ 

ACD = 0.007lC~ 2 

nc, = 0 . O l 2 1 C L  

where Aa is  measured in degrees. All jet--boundary  corrections were 
added to   t he   t e s t   da t a .  

I 
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, 
Corrections due to  blocking by the model and i t s  wake as w e l l  as 

tare   correct ions  resul t ing f rom the  support strut have not  been  applied. 
Previous tests on other models indicate   that   these  correct ions would be 
small except  for  the  drag  tare  correction. Estimates made from previous, 
investigations of similar complete-model setups  in   the Langley 300 KPH 7- 
by 10-foot  tunnel  indicate  that   the  drag  coefficfents  for  the  0.16-scale ' 

X-3 model would be  lower by about 0.01 if the   e f fec ts  of  the model support 
struts were considered. 

The test data have  been corrected  for   horizontal  buoyancy and air- 
flow misalinement i n  -the tunnel. 

The t e s t s  w e r e  made i n  the Langley 300 MPH 7- by  10-foot  tunnel at 
a dynamic pressure of 99.75 pounds per  square  foot  (except where noted 
otherwise) which corresponds to  a Mach number of 0.264 and a Reynolds num- 
ber  of 2.23 X 10 6 based on the wing mean aerodynamic chord of 1.254 feet-. 

RESULTS AKD DISCUSSION 

Table. I i s  an index  of figures 11 t o  30, which present  the results 
of  the  investigation. 

The r e s u l t s  of longi tudina l   t es t s  of the   o r ig ina l  model configura- 
t i o n   ( f i g .  2) showing unstable pitching-moment charac te r i s t ics  a t  the 
s ta l l  of the model ( a t  about 12O angle of a t tack  and near 0.6 t r i m  lift 
coeff ic ient  f o r  a t a i l  se t t i ng  of -bo) are shown in   f igure  11. The 
model with  the t a i l  off w a s  unstable i n  about  the same angle-of-attack 
and l i f t -coeff ic ient   range.  A large loss in   s tab i l iz ing   in f luence  from 
the t a i l  occurred  near  the s ta l l  region, as sham by the  ta i l -on and 
tail-off  pitching-moment-coefficient  curves which became near ly   para l le l  
a t  the higher lift coeff ic ients .  

In  order to  determine  the  factors  in  the  airplane design t h a t  were 
resu l t ing   in   uns tab le  pitching-moment Characterist ics of the model a t  
t he   s t a l l ,   t he   l ong i tud ina l   s t ab i l i t y   cha rac t e r i s t i c s  of  component par t s  
of  the   o r ig ina l  model  were determined  and  are-presented i n  figure 12. 
The f igure shows the  large  unstable  contribution of the  fuselage  to  the 
pitching moment throughout  the  angle-of-attack  range. I n  the lower angle- 
of-attack  range,  the wing alone w a s  longi tudfna l ly   s tab le   to   the   ex ten t  
tha t ,  when combined with  the  fuselage,  the  combination was only   s l igh t ly  
unstable. The pitching-moment-coefficient curve of the wing alone  broke 
unstable a t  the stall (about 14O angle of a t tack) .  The pitching-moment- 
coefficient  curve of the combined wing-fuselage  configustion  broke 
unstable a t  a smaller  angle of attack  and l i f t   c o e f f i c i e n t  than the 
pitching-moment coeff ic ient  of  wing alone plus fuselage  alone;  thus - 
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some deleter ious  effect  from  wing-fuselage  interference is  indicated. 
However, a t  higher  angles of attack,  wing-fuselage  interference was 
s tabi l iz ing.  

The addition of the  horizontal t a i l  of' the   or iginal  model was not 
only  unsuccessful i n  removing the  longi tudinal   instabi l i ty  a t  the s t a l l  
o f  the  wing-fuselage  combination  but  also made the   ins tab i l i ty   in   about  

. the 16' t o  1g0 angle-of-attack  range  slightly  greater, as shown by the 
curve f o r  the complete madel minus fuselage and  wing which corresponds 
t o  the  condition  for  the t a i l  alone i n   t h e  presence  of  wing  and  fuse- 
lage. The t a i l  with  only  the  interference  effects from the  fuselage was 
generally  stabilizing  throughout  the  angle-of-attack  range as shown by 
the  curve  for  (fuselage + t a i l )  - (fuselage  alone). 

Effect  of Various Factors on Longitudinal  Stabil i ty 

In  order t o  provide  corrective measures t o  the  unstable  pitching- 
moment character is t ics  of the model a t   t h e  stall tha t  would generally 
necessi ta te   the least possible change in  design,  the-  following  various 
tes t  conditions and configurations were applied t o   t h e  model. 

Reynolds number effect . -  A s  shown by fi&e 14, Reynolds number 
had no la rge   e f fec t  on the  longitudinal-instabil i ty of the model a t  the 
s t a l l  in  the  range of Reynolds numbers in'wstigated. 

A i r  flaw over fuselage  in   vicini ty  of ducts.- A i r - f l a w  studies of 
the  or iginal  model.by means of wool tufts ( f i g .  13) showed unsteady  flow 
on the  fuselage  in  the  region above the  duct   l ips  as well as ear ly  wing 
s ta l l .  In  order t o  dete-Gine  whether  fuselage air-flow separation was 
contr ibut ing  to   the  longi tudinal   instabi l i ty ,  smooth flow, as shown by 
unpublished tuft studies, was established  over  the  fuselage  by  plugging 
the  duct  with a rounded fair ing;  however, the   longi tudina l   ins tab i l i ty  
was st i l l  present   ( f ig .  15). The f ac t  tha t   t he   i n s t ab i l i t y  w a s  little 
affected by separation  over  the  duct i s  seen from similar pitching-moment 
data for the  configuration  with a f l a t  plug  across  the  duct  entrance. 
The results o f  tuf€  s tudies  for this confiNration,  notpresented  herein,  
showed &,much larger a i r - f low separation commencing a t  a lower  angle  of 
attack  than that which exis ted for the   or igfnal  model. Similar tests a t  
other Reynolds numbers, not  presented  herein, show the same lack of effect  
of a i r - f low separation on the  abrupt.reversa1  of  pitching moment. It can 
be  noted, however, that   the   largest instabi l i ty   occurred  with  the  duct  
open, particularly  in  the  range of a = lbO, CL = 0.6 t o  a = 22O, 
CL = 0;8 ( f ig s .  15 and 11). 

Wing incidence.- Some additional  evidence  that  the  unstable  break 
in   t he  pitching-moment curve is  direct ly   associated  with wing s ta l l  ra ther  
than  fuselage  att i tude is presented i n  figure- 16(a) where it is shown tha t  

I 
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* changing the wing incidence from 0' t o  2.5' had l i t t l e  ef fec t  011 the 

5 ( f ig .   16 (b ) ) .  - 
variat ion of the pitching-moment coefficient  with lift coeff ic ient  and 
that  the  unstable  break  occurred a t  about the Same  Wing angle of a t tack  

Some e f f e c t s  of  wing incidence on the change i n  pitching-moment 
c o e f f i c i e n t   a t  a given l i f t  coeff ic ient  (which  would  apply to   a i rp lanes  
and missile  configurations  with  longitudinal  control  provided  by means 
of  an all-movable wing) a re  shoirn i n  figure 16( a) . The wing-incidence 
increase  for  the  condition w i t h  t a i l   o f f   r e s u l t e d  i n  a  negative  incre- 
ment in   pi tching moment a t  a given lift coefficient;  whereas only a 
small change fn pitching-moment coefficient  occurred w i t h  tail on. Wbg- 
incidence change did  affect   both  ta i l -on  and  ta i l -off   p i tching moment 
when plotted  against   angle of a t t ack  of the fuselage reference line 
( f i g .   1 6 ( b ) ) .  These differences  in  pitching-moment-coefficient  incre- 
ments resul ted from the  pitching-moment-coefficient  contribution from 
the  longitudinally  unstable  fuselage  alone  (fig.  E), the  pitching- 
moment-coefficient  contribution from the t a i l  resu l t ing  from angle-of- 
a t tack  change  of the model, and the  pitching-moment-coefficient  contri- 
bution from the t a i l  caused  by change i n  wing  dmnwash a t  the ta i l .  

-l The fuse lage   e f fec t  can  be shown by considering a t  a given lift 
coeff ic ient   the   difference in pitching-moment-coefficient  increment 
from  wing-incidence change f o r  tail on and off.   For the t a i l -o f f  condi- 
t i on   t he  wing may be  considered as held a t  a given  angle of a t tack  (in 
order   to   hold  the l i f t  coefficient  constant)   and  the  fuselage  att i tude 
changed 2.5' inasmuch as the  fuselage  l if t-curve  slope i s  very small 
( f i g .  12). For  the  tai l-off  condition,  the 2.5O wing-incidence change 
corresponds t o  about -0.04 pitching-moment-coefficient  increment 
( f i g .  16), which agrees  very  nearly  with the pitching-moment-coefficient 
increment for  negative 2.5' change of  fuselage-alone  a t t i tude  ( f ig .  1 2 )  . 
For  the  tail-on  condition,  and  with  the wing held a t  a given  angle of 
a t tack  in   order   to   obtain  constant   1Sft   coeff ic ient  (a  condition which 
i s  only approximated  because of the  increased lift-curve slope of the 
fuselage  plus   ' ta i l ,  compared t o  that of the fuselage, f i g .  I?) .a nega- 
t i v e  2.5O s h i f t  of fuse lage-p lus- ta i l   a t t i tude   resu l ted   in   a  0.15 posi- 
t i v e  increment  of  pitching-moment coef f ic ien t   ( f ig .  12). This  posit ive 
increment.,  which par t ia l ly   o f fse t s   the   nega t ive  pitching-moment incre- 
ment of the fuselage  alone, was a cont r ibu t ing   fac tor   for   the  small 
change i n  pitching-moment coefficient  caused  by  wing-incidence change 
with t a i l  on. However a  constant l i f t  coef f ic ien t   as  assumed  above t o  
explain  fuselage  effect  on the  difference in pitching-moment-coefficient 
increment, t a i l  on and  off,  cannot  be  realized  because of the  negative 
lift of the  fuselage  plus   ta i l   for   negat ive  shif t   in   fuselage-plus- ta i l  
a t t i t ude .  It i s  therefore  necessary also to  consider a positive  angle- 

angle-of-attack change w i l l  have the   l a rges t   e f fec t  on lift, the  pitching- 
moment-coefficient change r 'esulting from  wing-incidence change a t  a f ixed 

f 

1 of-at tack  shif t   for   the  wing-fuselage-tai l  combination.  Since  wing 
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fuselage  angle  of  attack  .might  be  considered,  (fig.  16(b) ) . With  the 
center  of  moment  at 0 percent E ,  an increase  of  wing  incidence  for  the 
tail-off  condition  might  be  expected  to  result-  in  the  diving  moment  at 
a given  fuselage  angle of attack  (fig.  16(b)).  However  with  the tail 
on, the  diving  moment  from  the  wing-incidence  change  was  smaller  and  was 
evidently  compensated by a download  on  the  tail  resulting  from  increased 
dawnwash  from  the  wing.  The  downwash  effect"oE  the  tail  is  shown  in  fig- 
ure 12 by  the  difference  in slopes of  the  pitching-moment-coefficient 
curves  for  (complete  model) - (fuselage + wing)  and  (fuselage -t tail) - 
( fuselage  alone) . 

Fuselage-nose  shape. - Shortening  the  fuselage  nose  (fig. 8 )  did 
not  alleviate  the  pitching-moment-coefficient  break  (fig. 17). 

I 

I 

Wing-leading-edge  shape.-  Extending  the  angle of attack  at  which 
wing  stall  occurred by use  of  the  rounded  wing  leading  edge  altered  the 
model  pitching-moment  characteristics  (fig. 18). Rounding only the  out- 
board  section  of--the  wing  did  not  have  very  much  effect on the  pitching- 
moment  characteristics;  whereas  rounding only the  inboard  section  delayed 
the  unstable  pitching-moment  break  to  higher  lift  coefficients. A full- 
span  rounding of the  wing  leading  edge--resulted  in a general  smoothing 
of.the pitching-moment  curve,  delayed  the  stall  lift  coefficient  from t. 

about 0.6 lift  coefficient to 1.1 lift  coefficient,  and  resulted QI a 
stable  but  erratic  break of the  pitching-moment  curve  at  the  wing  stall 
for  the  tail  incidence  angle of -bo. Hawever,  the  model  with  the fd1- 
span  rounded wing leading  edge  and  with tail incidence  angle  of -4 was 
slightly  unstable  in  the 0.7 t o  1.1 lift-coefficient  range. 

c 

Wing-tip  tail  and  fillets.-  The  addition of the wing-tip  tail 
. (fig. 6 )  to the  original  model  did  not  improve  the  unstable  break  at 

the  stall  (fig. 19) but  resulted.in a stable  shift-  of  the  pitching- 
moment  curves,  tail on and  off.  The  wing  fillet  had a smoothing  effect 
on the  pitching-moment  curve;  however,  the model was  still  unstable at 
the  stall.  The  horizontal  fin and tail  fillet  had very little  effect 
on the  pitching-moment  characteristics. 

I 

Tail  size'and  aspect  ratio.-  The  severity of the  break  in  the 
pitching-moment  curve  of  the--mo&l  (fig. 20) was  dependent upon the 
span of  the  horizontal  tail  used,  whlch  was  larger for the  higher  aspect 
ratios  (fig. 5 ) .  With  either the'tail configuration  of aspect ratio 4.0 
o r  of 4.76, the  model  was  generally  longitudinally  stable  throughout  the 
lift-coefficient-range  tested. Some instability occuFed at  about 0.62 
lift  coefficient  and 15O angle  of  attack  for  the  aspect-ratio-4.0  tail 
at -4' incidepce  angle,  (fig. 20); however,  for  tail  incidence angles 
nearer  trim  for 0.62 lift  coefficient  (fig.  25(a))  the model was longi- 
tudinally  stable. An unstable  break  in  the  pitching-moment curve near 
0.6 lift  coefficient  was  still  present  with  the  tail  configuration  of 

! 
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f aspec t   ra t io  3, 3 = 0.52 but it w a s  much less severe  than  the  unstable 

- break of the   o r ig ina l  model configuration which had the same aspec t   r a t io  
b 

but a shorter  span. x 

The var ia t ion of e f fec t ive  downwash angle  with  angle of a t t ack  com- 
puted from the   t a i l - inc idence-and   ta i l -of f   t es t s   for   the  model with  var- 
ious t a i l  configurat ions  ( f ig .  21) ind ica t e s   t ha t   t he   s t ab i l i t y  of the 
model was severely  affected by spanwise  downwash-distribution  variation. 
The e f fec t ive  downwash for   the  or iginal   ta i l   configurat ion  cont inued  to  
increase  rapidly a t  angles. of a t tack  far above wing s t a l l  (approximately 
1l0 f o r  the wing in  the  presence of the  fuselage)  primarily  because  the 
l i f t  of  the  fuselage which held  to   angles  of a t tack  beyond t h a t  of  the 
wing ( f i g .  1 2 )  ; the  fuselage  width  (fig.  2) w a s  r e l a t ive ly  large compared 
t o  t h e   t a i l  span.  Increasing  the tail aspec t   ra t io  and t h e   r a t i o  of t a i l  
span t o  wing span  resulted in a la rger   par t  of the t a i l  be ing   in  a more 

' favorable downwash region where the var ia t ion  of ef fec t ive  downwash angle 
with  angle of attack, dc/da, w a s  reduced. ' 

Wake surveys  behind a soxewhat s imilar  model of the X-3 a i rp lane   in  
reference 1 showed a large  reduction of downwash angle -and an increase , 

distance from the  plane of  symmetry a t  high  angles of a t tack .  The ref-. 
erence  paper  also showed tha t   t he   e f f ec t  of  the 'fuselage damwash was 
des tab i l iz ing   a f te r   the  wing s t a l l ed .  

? of dynamic-pressure r a t io   i n   t he   r eg ion  of t he   t a i l   w i th   i nc reas ing  

3 

Relative  posit ion  of wing and tail.- Raising  the  wing  for  the 
aspect-ratio-4.0 t a i l  configuration so that t h e   t a i l  was 0.0k above 
the  chord  line  extended, compared t o  O.53E  above the  chord  line  extended 
for the low wing pos i t ion ,   resu l ted   in   increased   longi tudina l   s tab i l i ty  
above 0.7 l i f t  coe f f i c i en t   ( f i g .   22 (a ) ) .  

The configuration  with  the  high wing and low tail (fig.  9 )  had 
s tab le  pitching-moment  curves which f o r  a l l  cases   near   t r imed  values  
of pitching-moment coef f ic ien t  were f r ee  of reversals   or  sudden  changes 
in   s lopes   ( f ig .   22 (b ) ) .  This high-wing-low-tail  configuration, which 
had a moment arm about  half  the moment  arm of the or igfna l  tai l ,  appears 
t o   o f f e r  one'means  of  reducing  the  longitudinal-stability  problems asso- 
ciated  with  airplanes  having  low-aspect-ratio  wings  and  horizontal  tails. 
The var ia t ion of e f fec t ive  downwash angle w i t h  angle o f  a t t ack  was. very 
favorable   for  good s t a b i l i t y  a t  high  angles of  a t t ack   fo r   t he  t a i l  con-. 
figurations  with  high wing location ( f i g .  21). The  upwash  shown f o r   t h e  
high-wing-low-tail  configuration a t  00.angle  of  attack was probably due 
t o  upflaw  arouqd the 

- 

). A comparison  of 
t a i l  arrangements i s  

- occurred  for some of 
9 

fuse.lage . 
the   neut ra l   po in ts  of the model with  the  various 
presented in figure 23. The d iscont inui t ies   tha t  
the t a i l  configurations resulted from unstable 
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breaks  in   the pitching-moment  curves of the  tai l- incidence tests from 
which the  neutral   points  were determined. A s  m i g h t  be  expected,  the 
s t a t i c  margin fo r   t he  model increased  with  aspect  ratio and area of 
the  horizontal  tail tested  in   the  posi t ion of the  or iginal  tai l .  The 
smallest and  smoothest  neutral-point  shift  with lift coeff ic ient  i n  the 
0 t o  0.6 l i f t - coe f f i c i en t  range,  about 15 percent E ,  occurred f o r  the 
configuration  having  the  high wing  and low tai l .  Neutral  points  are 
not  given above 0.6 l i f t   c o e f f i c i e n t   f o r   t h e  t a i l  configurations which 
have pitching-moment data far from t r i m  conditions. 

. .  

Leading- and trail ing-edge  f laps.  - A s  shown in   f igures  24( a) and 
26, deflecting  the  plafn  leading-edge and t ra i l ing-edge  f laps  02 the 
model with  the  or iginal  t a i l  generally  increased  the  longitudinal sta- 
b i l i t y   i n   t h e  low posi t ive  l i f t -coeff ic ient-range and  delayed  the  unsta- 
ble  break  in  the pitching-moment curve t o  higher  values  of l i f t  coeffi-  
c ient .  The configuration  with a s lo t t ed  leading-edge f lap   def lec ted  
45O and a spl i t   t ra i l ing-edge  f lap  def lected 50° a l s o  had  increased  sta- 
b i l i t y  a t  low lift coeff ic ients   but-  had neu t r a l   s t ab i l i t y  and an unstable 
break i n  the pltching-monient coeff ic ient  a t  high lift (f ig .   26(e)  ) . With 
. the slotted leading-edge f lap  def lected 45' and t ra i l ing-edge  f lap a t  
zero  deflection, a stable  break  occurred a t  high l i f t   coe f f i c i en t s ,   bu t  
the model had some ins tab9l i ty  i n  about  the 0.5 t o  0.8 l i f t - coe f f i c i en t  
range ( f i g .   2 6 ( f ) ) .  

Flap  character is t ics  on the wing alone ( f ig .   24(b) )   a l so  showed 
with  leading-edge  flap  deflection  an  increase i n  maximum l i f t  coeffi-  
c ien t  a t  which the  pitching moment became unstable. 

6 

1 '  

I 

I 
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I 

I 

.. With the  aspect-ratio-4.0 t a i l  configuration  the model w a s  generally 
-. stable  throughout  the  lift-coefficient  range,  regar'dless  of  the  type  and ' 

deflection of the  leading- and t ra i l ing-edge  f laps   tes ted  (Figs .  25 and 
27). Some instabil i ty  did  occur a t  the s t a l l  for  the  configuration  with 
a sp l i t   t ra i l ing-edge   f lap  and with  plain leading-e.dge f l a p   ( f i g .  25( c > )  ; 
however, these  data  are  for t a i l  incidence  angles which a r e   f a r  ou t  of 
t r f m .  

For  the t a i l  of  aspect r a t i o  3 and - = 0.32 a slight  unstable b t  
b 

break  occurred i n  the 0.7 t o  0.8 l i f t - coe f f i c i en t  range  with  trailing- 
edge f l a p  a t  zero deflection and the  leading-edge  flap  deflected loo 
( f i g  . 28( b) ) . Deflecting  the  plain  leading-edge  flap 30' wi th   sp l i t  
t ra i l ing-edge  f lap  def lected 50° produced s t a b i l i t y  throughout  the lift 
range f o r  negative t a i l  incideqce  angles which would be  required  for 
trim ( f i g .   2 8 ( ~ ) ) .  DeflectFng a plain  leading-edge  flap 30° i n  conjunc- 
t ion  with a spl i t   t ra i l ing-edge  f lap  def lected X ?  prodilced  about neutral  
s t a b i l i t y  of the model with  negative t a i l  hcidence  angles  for  the 4 

A = 4.76 ta i l  a t  intermediate lift coeff ic ients  of 0.8 t o  1.1 ( f i g .  29( c)  ) , 
. b u t   f o r   t h i s  model configuration a s tab le  break occurred a t  the s ta l l .  

2 .  
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Flap  Character is t ics  

Ef fec t  on C h . -  The lif t-coefficient  curves  presented  in  f ig- 

ure 24(a) shox the   benef ic ia l   e f fec t  of def lect ing the leading-e.dge f l a p  
in  extending  the  l inear  portion of the lift curve to  higher  values of 
l i f t  coeff ic ient  by delaying  leading-edge  separation. The  maximum l i f t  
coefficient  (defined as t h a t  l i f t  coef f ic ien t  a t  which the  slope of the 
lift curve f i r s t  became zero) was extended  from 0.63 a t  a = 11.5O for 
the model with  plain wing t o  1.0 a t  a = 20° f o r   t h e  model with  the 
leading-edge  flap  deflected 30°. An index of  the  var ious  f lap arrange- 
ments t es ted   for   var ious   t a i l . conf igura t ions  on the model is given i n  
table  11. Included  in  the  table are values of maximum t r i m  l i f t  coef- 
f icient  obtained  for  the  various model configurations by e i the r   i n t e r -  
polating  the  data  for  various t a i l  incideirces  or  by  estimating  the loss 
i n  l i f t  caused  by download on the t a i l  f o r  t r i m .  

Because t h e   t a i l  moment arm w a s  essent ia l ly   constant ,   the  t a i l  
conf igurat ian-   general ly  had negl ig ib le   e f fec t  on trimped C& f o r  a 
given  leading-  and  trailing-edge  flap  configuration. The unsfable break 
i n  pitching-moaent  coefficient w a s  considered as the   f ac to r   l imi t ing   t he  

figuration.  For  the model wi th . rev ised   ta i l   conf igura t ions ,  a sudden 
stable  break  in pitching-moment coef f ic ien t  m i g h t ’  be the l imi t ing   fac tor ,  
but  higher t r i m  .lift Coefficients m i g h t  be obtained, depending ‘on the 
effectiveness of the  t a i l  a t  incidence  angles  higher  than  those  tested. 
For example, the  data of f igure  27(b), ( t he  model with  the A = 4.0 t a i l  
with  leading-edge  flap  undeflected  and  slotted  trailing-edge  flap 
undeflected) show that the m o d e l  might  be  capable of being trimmed a t  
l i f t  coeff ic ients  above the   s tab le   b reak   in   p i tch ing  moment. The trim 
l i f t   c o e f f i c i e n t  of the model a t  the  stable  break in Pitching. moment 
w i t h  e i t he r   t he   sp l i t   o r   s lo t t ed   t r a i l i ng -edge   f l ap  w a s  about the same. 
The highest trimmed maximm l i f t  coef f ic ien t  w a s  obtained on the model 
with a slotted  leading-edge  f lap  deflected 45O combined wi th   e i ther  a 
s l o t t e d   o r  a sp l i t   t ra i l ing-edge   f lap   def lec ted  X o .  The slot ted  lesding-  
edge f lap  configurat ion on the model w a s  optimwn i n  a two-dimensional 
invest igat ion  ( ref .  3);  however, the  configurations may not  be  opthum 
for  the.present  three-dimensional  investigation. A t  the t i m e  of testing, 
the  single  slotted  trail ing-edge  f lap  configuration  (fig.   4(b) ) w a s  
believed optimum.  However, recent  unpublished  data on other  wings  have 
indicated  that  better lift effectiveness  can  be obtained with g a p s  other  
than  that   tes ted.  

d m a x i m u m  t r i m  l i f t   c o e f f i c i e n t   f o r   t h e   o r i g i n a l  model and  wing-alone con- 

s 

Effect  on t a i l   e f f e c t i v e n e s s  and minimum flying  speed.- A comparison 
of the   t a i l   inc idence   requi red   for  steady, s t ra ight ,   uyawed  f l igh t  of 

L the X-3 model with  various t a i l  arrangements  and  various  leading-  and 
trail ing-edge  f lap  configurations is given in   f i gu re  30. The minimum 
veloci t ies   for   the model with  the  or iginal   ta i l   configurat ion’were 
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generally *termined  by the lift coeff ic ients  a t  which the model  became 
longitudinally  unstable. The minimum veloc i t ies   for   the  model with  the 
revised t a i l  configurations  correspond  to  the l i f t  coeff ic ients  a t  which 
a loss  of  ta i l   effect iveness   occurred because-  of a sudden rapid  increase 
in   longi tudina l   s tab i l i ty  such as shown in  figure 27(h). The l i m i t  min- 
i m u m  speeds f o r  some of the  configurations were n o t  determined  because 
it would  have  been necessary  to  extrapolate  the  tai l-effectiveness data, 
such as shown in  fime 28(a) ,   to  t a i l  deflection  angles far beyond those 
investigated. 

The lowest minimum speed  occurred'for  the model with  the A = 4.0 
t a i l  configuration  with  the  slotted  leading-edge  flap  deflected 45O and 
splf t   t ra i l ing-edge  f lap  def lected 50°. The use of a s lo t t ed   t r a i l i ng -  
edge f lap  def lected 50' i n  place of  the   sp l i t   t ra i l ing-edge   f lap   def lec ted  
50 produced  about  the same variat ion of it with  airspeed. However, 
the minimum speed might. actual ly   be  s l ight ly  lowerJ depending upon how 
t a i l  effectiveness varies a t  t a i l  deflection  angles beyond those  tested 
i n   t h e  present investigation. 

These data generally show only a small change i n  tail incidence  angle 
required when the  various  f laps are deflected from the  zero  position. 

I 

L 

CONCLUSIONS U 

I 

Results of longi tudinal   s tabi l i ty  tests on a 0.16-scale model of the 
Douglas X-3 research  airplane in the Langley 300 MPE 7- by 10-foot  tunnel 
indicate  the  following  conclusions: 

1. The or iginal  model configurati,on  had  unstable pitching-moment 
character is t ics  at the stall which were caused  by an unstable  break i n  
the pitching-moment character is t ic   of   the  wgng a t  t h e   s t a l l  and by the 
fact   that   the  relatively  large  fuselage  continued  to  increase  the down- 
wash angle at' the t a i l  location as the  angle  of  attack was increased 
above t h a t  a t  which wing s t a l l  occurred. A i r  flaw through  the  duct  and 
separation on the  fusel'age.at  the  entrance  location had negl igible   effects  
on the   stable pitching-moment break. . 

2. The severi ty  of the  unstable  break  in  the pitching-moment curve 
w a s  reduced or  the  break  eliminated as the  span of the  horizontal  t a i l  
w a s  increased so t h a t  a la rger   par t  of t h e   t a i l  w a s  i n  a more fa-vorable 
downwash region. 

3. The l a r g e s t   s t a t i c  margin and one of the smoothest variations of 
pitching-moment coefficient-with l i f t  coefficient.for  the  case  with no 
f laps  def.lec-Eed occurred  with  the  highest=aspect-ratio and largest-span 
ta i l  tes ted  on the  model a t  the  or iginal  t a i l  location. 



4. Raising  the wing for  the  aspect-ratio-4.0 t a i l  configuration so 
that t h e   t a i l  w a s  4 percent wing mean aerodynamic chord above the wing- 
chord l i ne  extended, compared to 53 percent mean aerodynamic chord f o r  
the low wing posi t icn,   resul ted  in  a decided imgrovement i n  longitudinal 
s t a b i l i t y  a t  the s ta l l .  

8 

'5. A model configuration which had a high wing and a low t a i l  with 
a moment arm about.half   the moment arm of the  or iginal  t a i l  generally 
had good s t ab i l i t y   cha rac t e r i s t i c s  through the lift range. 

6. For  the model with t a i l  configurations  having  unstable  breaks 
i n  the pitching-moment curves, various  arrangements of the  leading-  and 
trail ing-edge  f laps  generally  increased  the  stabil i ty  in  the low l i f t -  
coefficient mge and  delayed  the  unstable  break t o  higher l i f t  
coefficients.  

7. The highest  trimned maximum l i f t  coefficient w a s  obtained on the 
model with a slotted  leading-edge  flap  deflected 4 5 O  combined w i t h  e i the r  
a s lo t t ed   o r  a spl i t   t ra i l ing-edge  f lap  def lected 50'. 
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TABLF: I .  - INDEX OF FIGURFS PRESENTITJG 

FL!ISTJLTS .OF INVESTIGATION 

Figurc 

NACA RM L52E01 

I 

Longitudinal  aerodynamic  characteristics of the  original  model. 
Reynolds  number, 2.23 X lo6. 

Longitudinal  stability  characteristics  of  component  parts of 
the  model. 

Air-flow  studies of' the  original model. Flaps  zero;  ducts 
open. 

Effect  of Reynolds number on the  longitudinal  stability of the 
model. Original  configuration;  it = -45'. - 

Effect  of  plugging  the  duct  inlets  on  the  longitudinal  stability 
.- of  the model.. Original  Configuration;  it = -4'. 

Effect  of  wing  Incidence on the  1ongitud:nal  stability of the 
model.  Original  configuration. 

Effect  of  altering  the  fuselage-nose  confi$furation on the  longi- 

Effect  of  rounding  the wing leading  edge on the  longitudinal 

tudinal  stability  of  the  model.  it = -4 . 

stability  of  the  model. 

Effect  of  auxiliary  fillets Etnd a wing-tip  tail on the  longi- 
tudfnal  stability of the  model.  it = 00. 

Effect  of  various t a i l  arrangements on the  longitudinal  stability 
.characteristics of- the model. it = -4'. 

Effective  downwash  angles  and dynamic-pressure ratio  qt/q  for 
various  tail  arrangements of a 0.16-scde  model of-the Douglas 
X-3 airplane. 

Effect  of  tail  location on the  longitudinal  stability  charac- 
teristics of the  model.  with  high and low wing. 

All-movable-tail-fixed  neutral  points  of the Douglas X-3 airplane 
as determined from wind-tupnel  test  of a 0.16-scale model. 
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TABU I - Concluded 

INDEX OF FIGURES PRESENTING RESULTS OF INVESTIGATION 

F igurc 

24 

25 

26 

27 

28 

29 

30 

Data presented 

Effect  of  var'ious  leading- And trailing-edge  flap  configurations 
on the  longitudinal  stability of,the original model. 

Effect of various  leading-  and  trailing-edge  flap  configurations 
on the  longitudinal  stability  characteristics of the model 
with  the A = 4.0, = 0.59 tail. 

'b 

Effect  of  various  leading- and trailing-edge  flap.configurations 
on the  tail  effectiveness  of  the model. Original tail confi- 
gurat  ion. 

Effect of various  leading-  and  trailing-edge  flap  configurations 
on the  tail  effectiveness  of the-model with  the A = 4.0, 
3 = 0.59 tail. 
b 

Effect of various  leading- an& trailing-edge f h p  arrangements 
on the  tail  effectiveness  of  the  model  with  the A = 3.0, 
bt = 0.52 tail. - 
b 

Effect of various  leading-  and  trailing-edge  flap  arrangements 
on the  tail  effectiveness of the  model  with  the A = 4.76, 
3 = 0.73 tail. 
b 

Effect of various  flap  arrangements on the  variation of horizontal- 
tail  incidence  with  indicated  airspeed  of  the  airplane  for  steady 
flight  conditions.  Wing  loading, 100 pounds per square  foot. 
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Figure 1.- Syetem of long i tud ina l   s t ab i l l t y  axes. 
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Canter of moments, 0 M& =Q37 

W i n g :  
Area (inc. fus.), sq ft . 4.25 
Aspcct.ratio . i . . . .  3.0 
M.A.C., in. . . . . . .  15.05 
Thiclmess ratio 0.Ok.5~ 
Taper ratio 0.4 

. . . . . .  . . . . . .  
120.3 7 Borleonta l  tail: 

4tat iQn 0 Arerr (inc. fus.), sq ft . . 0.79 
ratio . , , . , . , 3.0 

M.A.c., in. . . . . . . .  6.54 
Taper ratio. . . . . . . .  0.4 

= 0.43 
b 34, - - .#,i-i 

Figure 2.- General arrangement of the model, original.  condition. ( A l l  
dimensions are in inches. ) 
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(b) Trailing-edge  flaps. A l l  dimensions a re  i n  percent of wing chord. 
Flap  spans  extended from fuselage t o  70 percent wing semispan and 
fkom plane of symmetry t o  70 percent wtng semispan fo r  wing-alone 
t e s t s .  

Figure 4.- Concluded. 
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Figure 5.- Concluded. 
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Figure 6.- Wing-tip tail configuration tested on the model. ( A l l  
dimemione are in inches. ) 
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Figure 7.- Fin and fillet arrangemerite o the model. ( A l l  dimc?nsions 
are in inches, 'I ) 
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Tai l  f i l l e t  
Horizontal f i n  
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Figure 7.- Fin and fillet arrangemerite o the model. ( A l l  dimc?nsions 
are in inches, 'I ) 
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Figure 8.- -elage-nose configurations tested on the model. ( A l l  
dhwnsiom ase in inches. ) 
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Figure 9. - The high-wbg-low-tail model configuration. 
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Figure 9.- Concluded. 
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Pigwe 10. - Rounded wing-leading-edge configuration of the model. ( A l l  
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Figure 11. - Longitudinal aerodynamic characteristics of the original model. 
Reynolds number, 2.23 X 10 6 . 
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Figure 11. - Continued. 
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Figure 11. - Concluded. 
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Figure E. - Longitudinal etability characteristics of component parts 
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Figure 12. - Concluded. 
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Figure 13.-  Air-flow studies of the original model. Flaps zero; ducts open. 
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Figuxe 14.- Effect of Reynolds nmkr on the longitudinal. stability of 
themodel. Origlnal configuration; it = -4'. 
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Figure 15.- Effec t  of plugging the duct.. i n l e t s  on the longi tudinal  
stability of the model. Original configuration; it = -4'. 
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Figure 16.- Effect of wing incidence on the longitudinal stability of the 
model. Original  configuration. 
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(b) Variation of C, w i t h  a. 

Figure 16. - Concluded. 
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Figure 17.- Effect of al ter ing the  fuselage-noee  configuration on the  
J.ongitudina1 s t ab i l i t y  of the model. 4 = -4'. 
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Figure 17. - Concluded. I 
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Figure 18. - Effect of rounding the wing leading edge on the longitudinal 

stability of the model. 
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Figure 19.- Effect of auxll.lary fillets and a wing-tip t a i l  on the 
longitudinal stability of the model. it = 0'. 
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Figure 19. - Concluded. 
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Figure 20.- Effect of various t a i l  arrangements on the longitudinal 

s tab i l i ty   charac te r i s t ics  of  the model. = -4'. 
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Figure 20. - Concluded. 
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Figure 21.- Effective downwash &glee and dynamic-pressure ratio qt/q - 
lor various tail arrangements of a 0.16-scale model of the Douglas 
X-3 airplane. 
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(a) High and low wing with t a i l  of A = 4.0, 2 = 0.59. 

Figure 22.- Effect of  t a i l   l oca t ion  on the  longi tudinal   s tabi l i ty  charac- 
teristics of  the model with  high and low wing. Incidence of  high w i n g ,  
0.33'; incidence of low wing, 0'. 
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Figure 22. - Continued . - 
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(b) High w i n g  with low t a l l  of A = 5.6 ,  % = 0.82. 

F i V  22.- ContinEd. 
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Figure 23. - All-movable-tail  fixed  neutral  points of the Doug- X-3 air- 
p k e  =. determined f r o m  wind-tuunel test of a 0.16-scale model. I 

I 



-56 - 
28 

24 

.20 

. /6 

./2 

.OB 

-. 04 

-.08 

4 2  

-.I6 

720 

MACA RM L52HOI 
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Figure 24. - Effec t   o f  various leading-  and trailing-edge f l a p  configura- 
t ions  on the long i tud ina l  s t a b i l i t y  of the or ig ina l  model. 
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(b) Wing. alone; plain flaps. 

Figure 24." Continued. 
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Figure 24. - Concluded. 
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(a )  Slotted l eada -edge  flap; Blotted trailing-edge flap; it = -So. 

Figure 25.- Effect o f  various leading- and txailing-edge f l a p  configurs- 
t ione  on the  longitudinal stabil i ty characteristics of the model with 

the A P 4.0, % = 0.59 tail. 
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Figure 25. - Continued. 
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(a) P l a l n  leading-edge flap; slotted trailing-edge flap; it = -80. 

Figure 25.- Continued. 

- . . .  .. . . . .  . ... . . 



c 

HACA RM L52HO1 

.7 

.6 

.5 

.3 

.I 

0 

28 

24 

20 

4 

0 

. (b) Concluded. 

Figure 25.- Continued. - 

I 

I 

i 

I 

! 

: 



.. . . .  .. .. 

0 .P 4 *. 6 .8 ID L 2  /.4 /6 f.8 py3 

Figure 25.- Continued. 

I 
. .  . .  .. . .. - 



Figure 25. - Concluded. 

i 

I 

I 

I 



.3 

2 

./ 
Cm 

0 

t/ 

72 
-.6 -4 72 0 .2 

I 
Figure 26. -  Effect of various leading- and trailing-edge f lap configura- 

tions on the ta i l  effectiveness of the model. Original t a i l  
configuration. 
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(c) Plain leading-edge f lap deflected 30'; 
a p  deflected 60'. 

~igure 26.- continued. 
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(a) p la in  leading-edge f l a p  deflected 30'; s p l i t  t r a i l l h g - e d g  
f h p  deflected so0. 

~igure 26.- Continues. 
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(b) Leading-edge f lap de f l ec t ed  0'; s l o t t e d   t r a i l i n g - e d g e  
flap def l ec t ed  oO. 

Figure 2'7.- Continued. 
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(c) Slotted  . leading-edge  f lap  deflected 45'; t raf l ing-edge 
f l ap   de f l ec t ed  0'. 

Figure 27.- Continued. 
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(d)  Slotted  leading-edge  flap  deflected 4-5'; slot ted  t ra i l ing-edge 
f lap deflected 50'. 

Figure 27. - Continued. 
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Figure 27. - Continued. 
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Figure 27. - Continued. 
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( f )  Plain leading-edge f l a p  def lected IOo; trail ing-edge 
f l ap   de f l ec t ed  0'. 

Figure 27. - Continued. 
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( g ) Concluded . 
Figure 27. - Continued. 
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(h) Plain leading-edge f l a p  deflected 30'; slot ted  t ra i l ing-edge 
f l a p  deflected 40°. 

Figure 27. - Concluded. 
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(a) Leading-edge f lap  def lected 0'; trail ing-edge  f lap  deflected O'.. 

Figure 28.- Effect of varkous leading- and trail ing-edge  f lap  arrange- 
menta on the t a i l  effectiveness of the model with  the A = 3.0, 

b 
- bt = 0.51 tail.- 
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(b) Plain leading-eclge flap  dePlected 10'; tralling-edge 
f l a p  deflected 0'. 

Figure 28.- Continued. 
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(c)  Plain  leading-edge f l a p  deflected 30'; split t ra i l ing-edge 
f l ap  def lected 50'. 

Figure 28. - Concluded. 
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(a) Leading-edge flap  deflected 0'; trail ing-edge  f lap  deflected Oo. 

Figure 29.- Effect  of various leading- and trgiling-edge  flap arrange- 
ments on the t a i l  effectiveness of  the model with the A = 4.76, 

b 
3 = 0.73 tail. 
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(b) Plain leading-edge flap deflected 10'; trailing-edge 
f l a p  deflected 0'. 

Figure 29. - Continued. 
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(c'> Plain leading-edge f l a p  deflected 30.'; aplit   trail ing-edge 
f lap  def lected 50°. 

Figure 29. - Concluded. 
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Figure 30.- Effec t  of  various flap arrangements on the var ia t ion of 
horizontal-tail incidence with indicated airspeed of the a i rp lane  
fo r  steady f l lgh t  conditlons. Wing loading, 100 pounds per square 
foot.  
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